ABSTRACT In Poland, medical embryology (both scientific research and teaching of the subject) has traditionally involved Chairs of Histology and Embryology rather than Obstetrics and Gynecology. Before World War II, the most buoyant centers for embryological research among the five universities at the time (in Warsaw, Krakow, Poznan, Lvov and Vilnius), were the Chairs of Embryology and Histology at Medical Faculties of the Jagiellonian University in Krakow and the University of Vilnius. After World War II, eleven Medical Academies (Universities of Medicine) came into being (Warsaw, Krakow, Poznan, Lodz, Gdansk, Bialystok, Bydgoszcz, Szczecin, Wroclaw, Katowice and Lublin). They conduct scientific research on normal development of the human embryo as well as teratology studies. In the XX century, eminent medicine-related embryologist included professors
World War II, with special emphasis on the activity of Professor Emil Godlewski Jr., is described in Sliwa, 2008 (pp. 97-100 in this issue). The Department of Human Developmental Biology at Colegium Medicum of the Jagiellonian University is currently headed by docent Sliwa who works on chemotaxis in mammalian fertilisation (Sliwa, 2003 (Sliwa, , 2004 .
Warszawa
Before World War II Professor Mieczyslaw Konopacki (killed by a bomb in September 1939) headed Histology and Embryology Chair at Warsaw University (see Bielanska-Osuchowska, 2008, pp. 147-150 in this issue) . In autumn of 1945 the Department of Histology and Embryology re-opened under the direction of professor Juliusz Zweibam, who worked in this department before the war, and luckily survived detention in the Warsaw ghetto and Warsaw upraising in 1944. In those first difficult post-war years Zweibam was helped by Bronislawa Konopacka, a wife (and also a prominent scientist) of the former head of the Department, Professor Konopacki. It was not until 1950 that the Department of Histology and Embryology moved back to the rebuilt Anatomicum building, where it had been housed before the war. Zweibaum and Konopacka began to shape a research profile of the new team by introducing the techniques of tissue culture and histochemistry. They were also very active in academic life on a national scalethey reactivated Polish Anatomical Society and its official journal, Folia Morphologica. In 1955 Kazimierz Ostrowski was nominated a docent in the Department and in 1956 he became a head of the Chair and the Department of Histology and Embryology. He had remained at this post until retirement in 1992. Under his leadership the Department grew and became very active in research introducing new and modern techniques and trends into experimental studies in histology and developmental biology. The Department, the largest among similar Departments in the remaining Polish Medical Schools, has also conferred the highest number of Doctor of Medicine degrees and Professor titles. The scientific interests of the Department have concentrated, among other subjects, on in vitro induction of osteogenesis by various tissues, Maloney sarcoma virus and factors stimulating secretion of cytokines (Wlodarski, 1969; Wlodarski et al., 1979) , and on various aspects of structure and organisation of skeletal tissues (Ostrowski et al., 1991 (Ostrowski et al., , 1993 . The group headed by Professor Moskalewski studied histogenesis of cartilage in vivo and in vitro and showed that individual chondrocytes are able to reconstitute the cartilage when transplanted into a recipient (Moskalewski, 1965; Moskalewski and Kawiak, 1965; Moskalewski et al., 1975 Moskalewski et al., ,1983 . Another line of research related to preimplantation mouse embryos has been carried out by PhDs/MDs: Wojciech Sawicki, Wanda Stodolnik-Baranska, Marek Kujawa, Jan Abramczuk and three PhD biologists: Ewa Mystkowska, Aldona Komar and Anna Niemierko (Baranska et al., 1975; Mystkowska et al., 2001; Sawicki and Mystkowska, 1999; Sawicki et al., 2006 Tarkowski et al., 2008, pp. 121-134 in this issue). The research on early mammalian development was stimulated by the visits to Wistar Institute in Philadephia and collaboration with Hilary Koprowski and Davor Solter. This research resulted in several publications, among them an important, and cited for decades by many researchers, study of DNA synthesis in mouse one-cell embryos obtained after fertilization or artificial activation (Abramczuk and Sawicki, 1975) . Ostrowski and his collaborators have written or translated several embryology and histology textbooks, many of which had several editions.
Poznan
Department of Histology and Embryology at the Medical Academy of Poznan was established in 1920 . Between 1922 and 1959 (with the exception of the period of German occupation) it was headed successively by Professor Tadeusz Kurkiewicz (1885 Kurkiewicz ( -1962 , Kazimierz Mietkiewski (1906 , Andrzej Lukaszyk, and since 2006 by Maciej Zabel. One of the most important studies published by this group are the histochemical studies of Mietkiewski and his co-workers on the development of human fetal male gonads , and on sperm cytogenesis in the rat (Mietkiewski and Lukaszyk, 1967) . These studies were cited in the fundamental monography of the male gonad development edited by Dalcq (1973) . Mietkiewski with collaborators also studied pathology of the development of male reproductive system: cryptorchidism, testicular ectopy, and disorders of testicular descent (Mietkiewski et al., 1964) , and the role of hydrolase and oxidoreductase in the development of chicken kidney Lukaszyk, 1966, 1967) .
Professor Ludwik Malendowicz (former student of Mietkiewski) working together with scientists from the Department of Human Anatomy, applied stereology to the study of human adrenal glands and thyroid gland in early foetal life (Bocian-Sobkowska et al., 1996 .
Professor Maciej Zabel (the youngest of Professor Mietkiewski's students), and his team performed a number of immunocytochemical studies on the development of pancreatic endocrine cells in man and pig (Zabel et al., 1994; (Bocian-Sobkowska et al., 1996 .
Professor Jerzy Warchol, a student and a long-time co-worker of Mietkiewski (currently the chief of the Department of Cell Biology at University School of Medical Sciences in Poznan), for many years had carried out ultrastructural studies of normal and pathological sperm in humans.
The Department of Anatomy of the University School of Medical Sciences in Poznan headed successively by Professor Witold Wozniak (1975-95) (Wozniak and Young, 1968) . Between 1974 and 1982 human developmental studies in the Departmant of Anatomy were performed in collaboration with Carnegie Institution of Embryology as a part of "Normal development of nervous system in humans" research program. As a result of this collaboration a sequence of events in differentiation and maturation of nerve cells in the spinal ganglia and in the inferior ganglion of the vagus nerve were described at the ultrastructural level (Olszewska et al., 1979; Bruska and Wozniak, 1980) . OB-GYN Clinic at the Medical Academy in Poznan, under Professor Tadeusz Pisarski, carry out studies in the field of placentology, prenatal diagnostics and other areas of human embryology. Pisarski wrote a comprehensive textbook of Obstetrics and Gynecology containing thorough description of human prenatal development and placenta (Pisarski, 2002) Gdansk In 1945 Professor Stanislaw Hiller (1891 -1965 was appointed a Head of Histology and Embryology Department in the Medical Academy in Gdansk (Fig. 1) . Before World War II, between 1929 and 1939, Hiller was a head of Histology and Embryology Department at the Stefan Batory University in Wilno. During the Nazi occupation of Wilno Hiller taught in his apartment the clandestine classes in histology and embryology for Polish medical students.
Hiller was a student of eminent scientists of the Jagiellonian University: Napoleon Cybulski (Physiology), Kazimierz Kostanecki (Anatomy) and Emil Godlewski Jr (Embryology). In the 1920's, greatly impressed by the achievements of his mentor Emil Godlewski in the field of developmental biology, Hiller started embryological research, studying among other subjects the effect of ethyl alcohol on the development of the frog, and later focusing on regeneration in the axolotl. On several occasions he returned to the latter problem together with his co-workers Associate Professors Stanislaw Baginski and Jan Kruszynski, and enriched these studies by introducing the histochemical techniques. As a Rockefeller Foundation Scholar, he visited USA in 1927, where he worked under Professor R. Chambers on the effect of various drugs on amoeba. These studies published together with Chambers and Pollack are referred to in numerous textbooks of pharmacology (e.g. Clark, A.J. "General Pharmacology"). Hiller also studied the development of mesonephros in amphibians (Rana fusca, Triton taeniatus) and the effect of parabiosis on the structure of mesonephros. Between 1948 and 1950 he published several papers on the early development of the human embryo, based on the studies that he had completed before the war. Hiller is recognized as one of the pioneers of histochemistry in Poland; he organised in his Department a Laboratory of Histochemistry, which conducted research on organogenesis.
Professor Hiller played an active role in reviving research and scientific institutions in post-war Poland. Between 1957 and 1964 he was the Editor-in-Chief of the journal 'Folia Morphologica' and it was at that time that the journal began to publish articles in English. Shortly after World War II, at the request of the widow of the late Emil Godlewski, Jr., Hiller prepared the third updated edition of Godlewski's textbook of Embryology which first edition was published in 1924. He also wrote several chapters on the development, physiology and histology of human tissues and organs for the seven-volume textbook "Anatomy of Man", edited by Bochenek and Reicher and published in 1952.
At the end of his tenure Hiller was replaced by Professor Stanislaw Zawistowski . In subsequent years Embryology evolved from the Chair to an independent Laboratory of Embryology headed in succession by Professor Zofia Zegarska and Professor Krystyna Kozlowska.
Lodz
Professor Stefan Baginski (1892 Baginski ( -1969 (Fig. 2) , who before World War II had obtained degree of Doctor of Medicine and veniam legendi from the Histology and Embryology Department He focused on congenital abnormalities in humans. Together with his daughter, Irena Borsuk (Baginski and Borsuk, 1967) , he studied a 20-day old human embryo retrieved from an ovarian ectopic pregnancy during surgical intervention. The embryo was classified as stage 9 and listed as one of the earliest human embryos by Ranon O'Rahilly (1973) . The studies of this embryo led to an important discovery of the origin of angioblasts and confirmed the view that angioblast of the pleuropericardial area develops from the embryo's own mesenchymal cells.
Baginski also published several papers on sex chromatin and genetic sex determination. Towards the end of his professional career, and ahead of his times, he touched on the problem of stem cells publishing several papers on the socalled cambial cells. He formulated a concept of mesodermal origin of cambial cells and complementing cells that degenerate after birth (Baginski, 1966) .
Baginski was one of the founders of the Military Medical Academy and in 1958, he became the first chairman of the Department of Histology and Embryology. Between 1964 and 1991 the Department headed by Professor Leszek Cieciura, carried out studies on prenatal development of humans and experimental animals, as well as the research in teratology.
At the beginning of his scientific career, Cieciura -using a wide range of then state-of-the-art histochemical methodsfocused mainly on the development of the human placenta, placenta fibrinoid, and hydrolytic enzymes (phosphatases) in the connective tissue layer surrounding the seminiferous rat tubule in the rat testis exposed to X-rays and microwaves. Later, he had introduced morphometric methods to electron microscopy studies in cell biology, and pioneered in Poland the freeze-fracture technique. This technique was used to study metabolic changes in mitochondria (Cieciura et al., 1986a) . Many of his studies had been performed in collaboration with foreign research groups (Cieciura et al., 1986b) .
Since 1991, the Department has been run by Cieciura's student-Professor Hieronim Bartel. In 2002, two medical schools in Lodz -military and civil -merged giving rise to the Medical University of Lodz. Originally, Bartel studied ultrastructure of ovum implantation in the mouse (Bartel, 1971; Bartel and Cieciura, 1972) , and on the basis of EM images he reconstructed a complete early embryo of the mouse (Bartel, 1972) . Working together with OB-GYN specialists, he performed a number of studies of the ultrastructure of human placenta, focusing on Hofbauer cells, capillaries of the villi in the placental barrier under normal developmental conditions, and placenta disorders (gestosis). In addition, Bartel has studied the development of human and mouse thymus at the ultrastructural level and written an Embryology textbook for medical students and medical doctors; its fourth edition was published in 2004.
In the 1970ties, the Department launched experimental teratological studies. These studies showed that the large doses of caffeine administered to pregnant mice cause extensive hematoma in the mouse embryonic limb buds, preventing normal formation of the limbs (Snigorska and Bartel, 1970) . Apart from continuing studies of caffeine effects on reproduction and foetal development, the Department is also involved in foetal alcohol syndrome and foetal tobacco syndrome research.
Szczecin
Histology and Embryology Department at the Pomorska Medical Academy in Szczecin (headed between1984 and 2002 by Professor Lidia Wenda-Rozewicka, and since 2002 by Professor Barbara Wiszniewska) has recently launched studies aimed at identification of morphologic and functional defects in human sperm and their relationship to molecular changes in DNA. They have shown that defects of mitochondrial sheath of human sperm occur in combination with molecular damage to sperm DNA. A number of methods were applied to supplement routine sperm diagnostic procedures, such as cytochemical, cytofluorometric, fluorescent, immunohistochemistry and ultrastructural methods (Piasecka, M. and Kawiak, J., 2003; Piasecka, et al., 2006) . Other researchers from the same department focus on mouse embryogenesis. Their studies of preimplantation mouse embryos have shown that certain growth factors promote development of blastocyst in the mouse (Kurzawa et al., 2001) , and provide protection against an oxidative stress ( Kurzawa et al., 2004; Glabowski et al., 2005) .
Wroclaw
OB-GYN Clinic of the Medical Academy in Wroclaw under the management of Professor Janusz Woyton (1974 Woyton ( -2002 has studied various aspects of the composition of human amniotic fluid: concentration of proteins, enzymes, electrolytes, and creatinine. These observations had been summarised in a monograph of the physiopathology of the amniotic fluid (Woyton, 1981) .
Bialystok
On November 12, 1987 the Gynaecology Clinic of Medical Academy headed by Professor Marian Szamatowicz delivered the first IVF baby (a girl) in Poland. For many years the Clinic has specialized in infertility treatment that resulted in approximately 2,500 IVF births.
There are six assisted reproductive technology centres in Polish medical schools, and 18 commercial IVF clinics. It is difficult to estimate how many IVF births have taken place in Poland that does not have any laws regulating this method of infertility treatment.
Lublin
In 1982 Professor Zygmunt Urbanowicz (chief of the Department between 1979 and 1983) founded in the Department of Anatomy at Medical University of Lublin the Teratology Unit, which was set up to perform various developmental studies. In 2002 Professor Franciszek Burdan became a scientific supervisor of teratological team. Currently, the Lublin Teratology Unit is one of the most active experimental teratological centres in Poland.
The scientific activities of this centre focus on the reproductive toxicity of cyclooxygenase (COX) inhibitors and their interaction with caffeine. The single-and multigenerational studies showed the developmental toxicity of various non-selective and selective COX-2 inhibitors, and indicated that caffeine increases the prenatal toxicity of the over-the-counter COX inhibitors. A retrospective statistical analysis was performed on the basis of data collected in the laboratory in the years 1997-2004 during different teratological studies with COX-inhibitors -aspirin, DFU, DuP-697, ibuprofen, paracetamol, piroxicam, propyphenazone and tolmetin. They have shown that of the whole group of COX-inhibitors, especially the non-selective COX inhibitors significantly increase the incidence of the congenital ventricular septal defect and celosomy (gastroshisis, umbilical hernia). In addition, these studies showed, for the first time, the presence of dark chondrocytes in the rat fetal epiphyseal cartilage (Burdan et al., 2002 (Burdan et al., , 2005 (Burdan et al., , 2006a .
In collaboration with Professor Chahoud (Freie University of Berlin) the Lublin's group also established a novel digital radiological method for bone mineralization assessment (Burdan et al., 2002) .
